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CRYNODEB GWEITHREDOL

Crynodeb gweithredol

Yn ogystal ag amlinellu statws y chwistrell f@idemnum vexilluniDv), yng Nghymru, mae’r
adroddiad canlynol yn cyflwyno nifer o strategaethau posibl ydergrheoli'r boblogaeth
bresennol, gan gyflwyno tystiolaeth a fydd o gymorth i ddemdull mwyaf effeithiol o reoli Dv
yn y dyfodol agos. Mae Dv yn enghraifft o rywogaeth trefedigadethgoresgynnol, ac felly’'n
peri gofid mawr i'r diwydiant acwafeithriniad ac i ecoleg gyffredinoagdal. Ym Mehefin 2008,
darganfuwyd Dv ar swbstradau artiffisial ym Marina Caergybi. Dymaig gofnod o Dv yn y
DU hyd yma.

Lledaeniad ac effeithiau posibl

Mae cryn ansicrwydd yngh a'r sgil-effeithiau posibl pe bai'r boblogaeth yn parhau heb ei
monitro. Yn sgil asesiad risg ansoddol, darganfuwyd tebygdblwichel y bydd y boblogaeth
yn lledaenu o Farina Caergybi ac yn sefydlu ei hun mewn nifgyrefinoedd newydd o
amgylch y DU, gan beri gofid mawr i holl ardaloedd gwarchodedmhysgodfeydd Cymru.
Credir mai cychod hamdden yw'r fector mwyaf tebygol o hyrwyddcakedad Dv yn yr ardal.

Mae'r effeithiau posibl yn sylweddol: Mae'n hysbys fod Dvpgri niwed i nifer o safleoedd
gwarchodedig a physgodfeydd, yn enwedig y bysgodfa creggisigi. Mae goblygiadau
cyfreithiol a chyllidol posibl pe na bai Dv yn cael ei fonitro.

Ymarferoldeb difa’r boblogaeth

Argymhellir yn gryf gan arbenigwyr ledled y byd y dylid rhowyslais ar unrhyw ymagais i
ddifa’r boblogaeth yn syth. Pe na bai ymdrechion o’r fath yn cael/#awni ar frys, mae'n bur
debygol y byddai'r boblogaeth yn cyrraedd lefel a fyddai'n eneggwd hi'n anodd, os nad yn
amhosibl, i'w difa.

Mae gwerthusiad o'r dulliau posibl o reoli a/neu ddifa Dv yngdarfod dulliau addas ar gyfer
taclo'r pla cyfredol yn bodoli. Mae asesiad cychwynnol yn darfigdsy dulliau yma yn gost
effeithiol ac yn ymarferol:

Swhbstrad Dull Dichonolrwyd Tebygolr Amcan gost (deunyddiau a

d technegol wydd o llafur yn unig)#
fethiant*

Strwythurau | Mewngapsiwleiddio mewn | Eithaf hawdd i'w | 0% os £186 am bob 1.5fro bontvn.
arnofio e.e. plastig gan ddefnyddio weithredu. Dim | gweithredi| £244 am bob 3.75f0 bontvn.
pontwn. gorchuddiadau silwair neu | angen offer ryny dull | £540 am bob 22fro bontin.
ddeunydd gwrth-dér arall. | cymhleth. priodol. £1410 am bob 80fro bontin.
Ychwanegu cyflymydd
(asid asetig neu glorin).

Cadwyni Lapio mewn plastig. Hawdd i'w 0% os £84 y gadwyn — lleiheir y gost ds
angor. weithredu. Dim | gweithredi| oes modd cyfuno costau llafur
angen offer rynydull | gydag (1).
cymhleth. priodol.

Cyrff cychod. | Mewngapsiwleiddio mewn| Eithaf hawdd i'w | 0% os £600 y cwch.
plastig gan ddefnyddio weithredu. Dim | gweithredi
gorchuddiadau silwair neu | angen offer ryny dull
ddeunydd gwrth-dér arall. | cymhleth. priodol.
Ychwanegu cyflymydd
(asid asetig neu glorin).

Nodiadau: * Gan gymryd nad yw swbstradau eraillMarina Caergybi wedi eu heintio yn ystod y brose#ed
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# Amcan gostau yn unig yw'r rhain, a gallent amywisylweddolAmlygir amser, y gallu i weithredu ar y
fath raddfa, a’r posibilrwydd o ailgyflwyno Dv o ffynonellau ekqe.e. Iwerddon), fel y prif
ffactorau a fyddai’'n cael cryn effaith ar Iwyddiant y broses ddifa.

Dylid cwblhau'r broses honno cyn y cyfnod lle mae'’r tebyggttdv mwyaf o ryddhau larfa
(Mehefin - Rhagfyr). Serch hynny, mae’r gallu o fewn y DU i weitbred y fath raddfa yn
annhebygol. Opsiwn arall yw cynnal cyfnod treialu difa yrogs2009, dileu yn llwyr yn 2010, a
gweithredu pellach yn 2011 lle bo'r angen.

Cymbherer hefyd i ystyriaeth fod y gwerth cymharol mewn cgllidbroses ddifa yn lleihau wrth
I'r tebygolrwydd o ailgyflwyno Dv trwy ffynonellau eraill sydideb eu rheoli gynyddu. Er fod
hyn uwchlaw dibenion yr adroddiad canlynol, pwysleisir y galw strategaeth gydweithiol ac
amlddisgyblaethol wrth ddelio gyda rhywogaethau di-frodorogjyArhellir yn gryf y dylid rhoi

ystyriaeth lawn i gyflwyno ymgyrchoedd codi ymwybyddiaetigglenni monitro a chynlluniau

rheoli, sy’n gosod seiliau i ddau gynllun difa posibl (EEE29:

Disgrifiad o'r Dull(iau) rheoli Tebygolrwydd o Amcan gost (dros y 10
cynllun difa lwyddo mlynedd nesaf)
E1l | Difa'n llwyr Dulliau rheoli: Siawns 0 50% o £385,000 yn ystod y 3
yn 2009, gyda| « Gorchudd plastig gyda | ddifa’n llwyr yn mlynedd gychwynnol*.
thriniaethau neu heb gyflymydd. 2009, yn codi i 95%
pellach yn « Mygu gyda llain blastig.| erbyn 2010 a 2011. | Tua £15,000 y flwyddyn ar
2010 a 2011 |« Gwaredu. gyfer monitro parhaol wedi'r 3
lle bo'r angen.| « pwr Croyw. Llwyddiant yn mlynedd gychwynnol.
Monitro. ddibynnol ar
Cyfathrebau. sicrwydd yr Costau wedi'r 3 mlynedd
Rheolaeth fector arolygiadau a gychwynnol yn ddibynol ar
gwirfoddol (Cod ymarfer - 9yflawnwyd yn ystod| Iwyddiant y broses ddifa. Os
CY). 2008/2009. yw'n fethiant wedi 3 mlynedd
arolygu a/neu roi terfyn ar y
Ansicr ar gyfer CY. [ cynllun.
E2 | Treialu'r Datblygu strategaethau | Siawns 0 50% o £350,000 yn ystod y 3
broses ddifa, | Rhaglenni ymchwil ddifa’n llwyr a 98% o| mlynedd gychwynnol*.
gyda Dulliau rheoli: reoli'r boblogaeth yn
thriniaeth + Gorchudd plastig gyda | 2009. Tua £15,000 y flwyddyn ar
lawn yn 2010 | neu heb gyflymydd gyfer monitro parhaol wedi'r 3
a thriniaethau | « Mygu gyda llain blastig | Siawns 0 95% o mlynedd gychwynnol.
pellach yn « Gwaredu ddifa’'n llwyr mewn
2011 lle bo'r | « Dwr croyw blynyddoedd dilynol. | Costau wedi'r 3 mlynedd
angen. Monitro gychwynnol yn ddibynol ar
Cyfathrebau Yn dilyn monitro yn | lwyddiant y broses ddifa. Os
Rheolaeth fector haf 2009, arolygu yw’'n fethiant wedi 3 mlynedd
gwirfoddol (Cod ymarfer -{ &neu roi terfyn ary | arolygu a/neu roi terfyn ar y
CY). cynllun. cynllun.
Ansicr ar gyfer CY.

Nodiadau: * Yn cynnwys cyfanswm costau difa, manityfathrebau a rheoli. Amcan gostau yn unig ywain, a

gallent amrywio’'n sylweddol

Lle na roddir ystyriaeth i ddifa’r boblogaeth, argymhellir yr gpsiu rheoli canlynol:

Vi
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Tebygolrw  Effeithiau amcangyfrifol

875

ydd o (dros gyfnod o 10 mlynedd)
lwyddo
Gwneud dim| Dim Isel Colled i'r diwydiant cregyn gleision (tua 5%)
£1,375,125 yn dilyn heintio*. Colled i'r diwydiant
cregyn gleision (tua 25%) = £6,875,625 yn dilyn
heintio*.
Rheolaeth gan y Marina a'r perchnogion cychod
(ansicr ac yn ddibynol ar benderfyniadau ymga
deddfwriaethau sy’n gysylltiedig & maeddu cyrff
cychod)
Rheoli'r ardaloedd gwarchodedig sydd wedi eu
heintio (costau ansicr i'r llywodraeth)
Posibilrwydd o gostau cyfreithiol i'r lywodraeth
(ansicr)
Rheolaeth 1.Cyfathrebau Cymhedrol | 1.£20,000 dros gyfnod o ddwy flynedd, ond gallai
leiaf 2.Rheolaeth [ barhau os yw'r sgil-effeithiau negyddol yn
wirfoddol (cod Isel sylweddol.
ymarfer) 2.Gweler Opsiwn 1.
Monitro ac | 1.Cyfathrebau Cymhedrol | 1.£20,000 dros gyfnod o ddwy flynedd, ond gallai
ymwybyddi | 2.Monitro [ barhau os yw'r sgil-effeithiau negyddol yn
aeth 3.Rheolaeth Isel sylweddol.
wirfoddol (cod 2.£45,000 yn y flwyddyn gyntaf (Caergybi + Sir).
ymarfer) £30,000 y flwyddyn wedi hyn. Bydd y costau yn
cynyddu ac yn parhau os yw'r sgil-effeithiau
negyddol yn sylweddol.
3.Gweler Opsiwn 1.
Cyfyngiant | 1.Cyfathrebau Isel 1£20,000 per year over two years but may continug
2.Rheolaeth indefinitely if impacts are high.
orfodol a/neu Gweler Opsiwn 1, gyda'r posibilrwydd ychwanegol
wirfoddol (cod y bydd angen gorfodaeth i reoli’r cyfarwyddiadauja
ymarfer) osodwyd.
Monitro i 1.Cyfathrebau Isel 1.£20,000 dros gyfnod o ddwy flynedd, ond gallai
bennu 2.Monitro barhau os yw'r sgil-effeithiau negyddol yn
dechrau'r 3.Rheolaeth sylweddol.
camau orfodol a/neu 2.£25,000 yn y flwyddyn gyntaf (Caergybi yn unig).
priodol a wirfoddol (cod £20,000 y flwyddyn wedi hyn. Bydd y costau yn
chyfyngiant ymarfer) cynyddu ac yn parhau os yw'r sgil-effeithiau
negyddol yn sylweddol.
3.Gweler Opsiwn 1, gyda'r posibilrwydd ychwanegol
y bydd angen gorfodaeth i reoli’r cyfarwyddiadauja
osodwyd. Mae'r costau hyn yn ansicr.

Nodiadau: Costau uniongyrchol = costau difa, monityfathrebau a rheoli. Amcan gostau yn unig yWwain, a
gallent amrywio’n sylweddol.

* Tybir y bydd ffermydd yn cael eu heffeithio trvgolledion cynhyrchu rhwng 5-25% ymhen 5 mlynedddiben
hwn, ystyrir y bydd colledion cynhyrchu yn ysto@’ 10 mlynedd nesaf

Gwerthusiad o'r effeithiau a'r ystyriaethau economadd

O gofio'r ansicrwydd yngh ag effaith Dv yn y DU, yr anhawster o ddadansoddi costau
dewisiadau rheoli, a'r analluogrwydd i roi gwerth ariannol cyfatelb effeithiau posibl ar
ardaloedd gwarchodedig, cyflwynir gwerthusiad economaidd o'r eisamt a'r costau fel
dadansoddiad ‘cost a budd’ i'r diwydiant cregyn gleision yig.Wvin yr achos hwn, mae'r costau
sy'n gysylltiedig ag ymgyrch di-wreiddiad lawn (£350-38@ dros gyfnod o 3 mlynedd, gyda

Vil
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thua £15,000 ym mhob blwyddyn ddilynol ar gyfer moni&ro archwilio) yn dipyn llai na'r
amcan golled i'r diwydiant cregyn gleision (£1,375,125 - E6,&25) dros y 10 mlynedd nesaf).

Mae'r dystiolaeth sy'n deillio o'r adroddiad presennol yn darfigd difa’r boblogaeth yn bosibl,
yn gost effeithiol ac yn amserol. O gofio fod y cyfle i ddifagblogaeth yn bodoli nawr, ond yn
debygol o gael ei golli yn ystod y blynyddoedd nesaf, geldlau felly y byddai diffyg
gweithredu yn annerbyniol. O dan y ‘Cyfarwyddyd Cynefinoedd’,'maagenrheidiol i Aelod-
wladwriaethau i ddilyn camau i osgoi dirywiad cynefinoedd natu@& chynefinoedd
rhywogaethau (Erthygl 6(2)). Mae Erthygl 22 o'r ‘Cyfarwyddyd Cymeddd’ hefyd yn rhoi
gorfodaeth ar Aelod-wladwriaethau i sicrhau rheolaeth ar gyflwyniadaatero rywogaethau
di-frodorol. Mae canlyniadau'r asesiad risg yn dangos tebygolrwglel iawn y bydd cynefin
riffiau a niweidiwyd yn cael ei effeithio yn ystod y 10 mlynedesaf pe na bai gweithredu yn
digwydd nawr i reoli'r boblogaeth ym Marina Caergybi.

Argymhellion

Argymhellir y dylid gweithredu cynllun difa E2 ym Marina Cggbi cyn gynted & phosibl, a
hynny’'n cynnwys:

* Gweithredu cynllun E2 fel astudiaeth achos i brofi strategaethaublpasi gyfer
Bioddiogelwch Morol, yn ogystal & datblygu’r gallu yng Ngimy i weithredu ar y fath
raddfa.

» Ffurfio gweithgor Dv a datblygu rhwydwaith byd-eang o gysdlau.

e Cynnal profion triniaeth yn 2009 a datblygu dealltwriaeth o'r aagstadnoddau ac
amserlenni angenrheidiol i ddifa’r boblogaeth.

¢ Monitro swbstradau cyfagos yng Ngorffennaf / Awst 2009 a gwsdltynllun gweithredu
fydd yn ddibynnol ar y canlyniadau.

» Cyflawni difa’n llawn rhwng lonawr - Mehefin 2009, gyda thriniaé#llach yn 2011 ble
bo'r angen.

« Datblygu rhaglen addysgu a chodi ymwybyddiaeth ymysg peroatimagchod ym Marina
Caergyhi.

* Cydweithio gyda Marina Caergybi a'r perchnogion cychod er noayblygu strategaethau
glanhau cyrff llongau.

« Datblygu strategaethau ymchwil er mwyn astudio effeithiolrwyde&chnegau rheoli yn
ogystal a bioleg Dv (nodweddion gwasgariad, cyfradd twf ayyb)

« Datblygu rhaglen fonitro ar gyfer datblygu gwell dulliau o admhlrdaloedd posibl ble
mae Dv yn debygol o fodoli.

» Datblygu gwell dealltwriaeth o brif lwybrau fector - h.y. cychwmindden.

« Cydweithio gyda gwledydd eraill er mwyn ceisio rheoli rhywetau sy’n maeddu cyrff
cychod a'r fectorau sy’'n bennaf gyfrifol am hwyluso lledaeniad y fathanebau i
ardaloedd newydd.

viii
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EXECUTIVE SUMMARY

The objective of this report is to outline the statuBimfemnum vexilluniDv) in Wales, provide
management options and recommend the most feasible action t®vaisean invasive colonial
tunicate that causes serious risk to both the aquaculture industrthe general ecology of a
region. In June 2008, Dv was found on artificial substratéfolyhead Marina. This marks the
only confirmed occurrence of Dv in the UK.

Potential spread and impacts

There is considerable uncertainty about the potential spread and imhfacif left unchecked.
Results of a rapid qualitative risk assessment revealed a higindibélthat Dv would spread
from Holyhead Marina and establish in other habitats around the wvhé€re virtually all
conservation and fishery areas in Wales are at risk. The most |&etigrus recreational vessels.

The potential impacts are significant: Dv is known to adversely affextmber of conservation
sites and fisheries, in particular the mussel fishery. If left unchethkext are potentially
significant legal and financial implications.

Feasibility of eradication

A pertinent recommendation from experts worldwide emphasises thattanmypts at eradication
should be undertaken immediately. If attempts are not made now, highly likely that
infestation will increase to a level where eradication will becomecdlffif not impossible.

Evaluation of potential methods to control and/or eradicate Dicate that suitable techniques
exist to tackle the current infestation. Initial assessment ididhese methods are both cost
effective and able to be applied logistically:

Substrate = Method Technical Risk of Estimated Cost

Feasibility failure*  (materials and labour
only)#

Pontoons Plastic encapsulation usingRelatively easy | 0% if £186 per 1.5fMpontoon
silage covers or tarpaulins | to apply does nof applied £244 per 3.75Mmpontoon
Addition of an accelerant | require complex | correctly | £540 per 22fhpontoon

(acetic acid or chlorine) equipment £1410 per 80mpontoon
Anchor Plastic wrapping Easy to apply | 0% if £84 per chain — costs reduced if
chains and does not applied labour can be combined with
require complex | correctly | efforts in wrapping pontoons.
equipment
Boat hulls Plastic encapsulation using Relatively easy | 0% if £600 per boat hull

silage covers or tarpaulins.| to apply does nof applied
Addition of an accelerant | require complex | correctly
(acetic acid or chlorine) equipment

Notes: * This assumes that other substrates whiloliyhead Harbour are not infected at the time afiaation. #
Costs may vary significantly and are an approxiamatinly.

The major critical success factors are time, capability and the aslothwill be reintroduced
from other sources (e.g. Ireland).

Eradication would need to be completed prior to high risk perioddarval release (June -
December). In addition, capability within the UK is lacking, lert increasing the chance of
failure. An alternative option is to undertake a trial period ofieatidn in 2009, followed by a

full scale eradication in 2010, with follow-up treatments in 2idté&quired.
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It is also considered that the relative value in devoting fundsddication is lessened by the
probability that reinfection will occur from other unmanaged sesu Although beyond the
scope of this study, this highlights the need for an overegctrategy in dealing with invasive
species.

At the very least, and for the purposes of this assessmentedoisimended that consideration is
given to implementing awareness campaigns, monitoring and sameeil programmes and
vector control plans. These form the basis for two suggested eradip&tins (E1 and E2):

Eradication plan

Method/s

Likelihood of

Estimated cost

description

Tools for management

Success

(over 10 years)

E1l | Full Control tools: 50% chance of £385,000 in first 3 years*
eradication in | « Plastic wrapping with or| eradication in 2009
2009 with without accelerant with 95% in 2010 Ongoing monitoring after 3
follow up « Plastic smothering and 2011 years estimated to be £15,000
treatmentin | « Removal per year
2010 and « Freshwater Success is dependar)t
2011 where on confidence of Costs after 3 years dependarjt
necessary Monitoring and surveys conducted in on success of eradication. If
surveillance 2008/2009 eradication failed after 3 yearp
review and/or terminate
Communications Uncertain for CoP programme.
Voluntary vector controls
(Code of practice - CoP)
E2 | Trial Strategy development 50% chance of £350,000 in first 3 years*
eradication eradication and 98%
with full Research programmes | chance population Ongoing monitoring after 3
eradication controlled in 2009 years estimated to be £15,000

attempt Jan-
June 2010 anq

Control tools:
* Plastic wrapping with or|

Monitoring and
surveillance

Communications

Voluntary vector controls
(Code of practice)

95% chance of

review programme
and/or terminate

Uncertain for CoP

per year

follow up without accelerant complete eradication| Costs after 3 years dependant
treatment « Plastic smothering in subsequent years.| on success of eradication. If
where « Removal eradication failed after 3 yearg
necessary in | . Freshwater Following summer | review and/or terminate

2011 2009 monitoring, programme.

Notes: * Includes total costs of eradication, moitg, communications and management as well assgly
development where relevant. Costs may vary sigmifly and are an approximation only.

Where eradication is not considered, the following managementneptice suggested and

provided below:
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Method/s Likelihood | Estimated impacts

Tools for of success | (over 10 years)
management

1| Do Nothing | None Low Loss of mussel production (est. at 5%) is £%,325
once farms are infected*. Loss of mussel productio
(est. at 25%) is £6,875,625 once farms are infécted
Management by marinas and boat owners (uncertajin
and dependant on future legislation regarding hull
fouling)

Management of infected conservation sites (ungertai
costs to government)

Potential litigation costs to Government (unceitain

-

2| Least 3.Communications| Moderate 4.£20,000 per year over two years but may continug
Control 4.Voluntary to indefinitely if impacts are high.
controls (Code of Low 5.Same as for Option 1
practice)

D

3| Monitoring | 4.Communications| Moderate 3.£20,000 per year over two years but may continu

and 5.Monitoring to indefinitely if impacts are high.

awareness | 6.Voluntary Low 4.£45,000 in the first year (Holyhead + state-wide).
controls (Code of £30,000 in subsequent years. Costs may increase
practice) and continue indefinitely if impacts are high.

5.Same as for Option 1

4 | Containment| 3.Communications| Low 2.£20,000 per year over two years but may continug
4.Enforcement indefinitely if impacts are high.
and/or Voluntary 3.Same as for Option 1 with the addition that
controls (Code of enforcement may be required to regulate controls
practice) imposed - it is impractical to assess these costs.
5| Monitor to 1.Communications| Low 1.£20,000 per year over two years but may continug
“trigger” 2.Monitoring indefinitely if impacts are high.
stage and 3.Enforcement 2.£25,000 in the first year (Holyhead only). £20,00D
containment| and/or Voluntary in subsequent years. Costs may increase and
controls continue indefinitely if impacts are high.

3.Same as for Option 1 with the addition that
enforcement may be required to regulate controls
imposed. These costs are uncertain.

Notes: Direct costs = costs of eradication, moiitprcommunications and management. These costvangy
significantly and are given as an approximatioryortl It is assumed that farms will be affectedceat years with
production losses ranging between 5-25%. For thipgse, it is considered that 5 years within the 4@ years
will suffer production losses.

Evaluation of impacts and economic considerations

Given the uncertainty of the impacts of Dv in the UK; the difficin applying costs to various
management options; and the inability to apply monetary valuespacts on conservation
areas, the economic evaluation of benefits compared to costs are preserdesimplified
account of the potential cost-benefit to the mussel industry. démlyhis regard, the costs to
undertake a full eradication campaign (£350-380,000 over 3 years pythxa ~£15,000 each
year thereafter for monitoring and surveillance) is greatly overwhebydtie potential loss in
value to the mussel industry (£1,375,125 - £6,875,62%imext 10 years).

Xi
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The body of evidence in conducting this report has indicatecethdtcation is both feasible and
cost effective. It is also considered timely. It could be arguedgilkanh that the opportunity to
eradicate exists now, but is likely to be lost in the next years, lack of action would be
deemed unreasonable. Under the Habitats Directive, Member States halvigation to take
steps to avoid the deterioration of natural habitats and theatslof species (Article 6(2)).
Article 22 of the Habitats Directive also places an obligatiorM@mber States to ensure the
regulation of the deliberate introduction of non native speciesuliResf the risk assessment
indicate a very high probability that vulnerable reef habitatvalaffected within the next 10yrs
if action is not taken now to control the Holyhead Marina popriat

Recommendations

It is recommended that the eradication plan E2 be implemented hddd Marina
immediately, which may include:

« Instigation of the E2 plan as a case-study to test potsi#egies for Marine Biosecurity
preparedness and response, as well as development of capabiligles W

e Formation of a Dv working group and development of a global m&teantact list.
« Develop education and awareness programmes targeted to Holyhead idatioaners.

* Conduct eradication treatment trials in 2009 and develop an umoidirsy of the costs,
resources and time lines required to eliminate Dv.

e Monitor surrounding substrates in July/August 2009 andevevimplementation plan
depending on results.

» Undertake full scale eradication in Jan-June 2010 and follow upnieeatin 2011 where
necessary.

* Work with Holyhead Marina and boat owners to develop hull clgpsirategies.

« Develop research strategies to study the effectiveness of catholiques as well as the
biology of Dv (dispersal characteristics, growth rates etc).

* Develop monitoring programmes for improved methods for idengfypotential areas
where Dv is likely to occur.

« Develop a better understanding of principle vector pathways +eergational vessels.

» Develop communication with other countries for cooperation in adlling/vector
management.

Xil
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1 BACKGROUND

In July 2008, an unidentified colonial ascidian was observeHadlyhead Marina, covering
algae, other ascidians and submerged substrata such as pontaorssaot ropes. A taxonomic
expert identified the species Bglemnum vexillum

D. vexillum henceforth referred to as Dv, is an invasive fouling species wiith gapwth and
mat-forming capabilities that colonises artificial and natural hard itlsit has been reported
in temperate waters worldwide with significant conservation and osgizn consequences
through the alteration of marine habitats and damage to maricultdréistweries, especially
shellfisheries.

Diving surveys within Holyhead Harbour were undertaken byCibentryside Council for Wales
in December 2008 and January 2009 (Hatltal, 2009). Dv was found to be confined to the
marina floating pontoons, anchor chains and two boat hulls mabted marina.

This finding is the first reported presence of Dv in the UKpid surveys of other marinas were
carried out at locations around Wales between December 2008 and F&lf@@rgnd failed to
detect the pest in areas outside Holyhead Harbour.

It is likely that the invasion has been fairly recent, at leastinvthe last 5 years. Abundance
ranged from less than 1% cover to a maximum of approximately @& eand morphological
forms were sheet-like. Furthermore, additional findings from the swskieyw a large area of
habitat suitable for Dv that has not yet been colonized, suggedktt the pest has not yet filled
all available habitats within either the marina or the wider harbour Bingain turn presents the
risk that the ascidian may spread further within the harbour, tensiwith its behaviour
globally, and thus present a problem as a source of infectionhfer loabitats around Wales.

This report was commissioned to provide advice on the feasibiligradication and/or control
of Dv in Holyhead Harbour and to assess the potential for Dsptead in Wales and the
associated consequences if left unchecked.
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2 DESCRIPTION OF DIDEMNUM VEXILLUM (DV)

2.1 Taxonomy and identification

Dv is a colonial ascidian. Until recently, the taxonomic refetiop and geographic origin of
Didemnumspecies discovered worldwide remained unresolved issues. Recauulapldata
from colonies sampled from Europe, the east and west coasts ofAoetfica, Japan and New
Zealand strongly indicate thBidemnum vexillummepresents a single species, possibly native to
the northwestern Pacific Ocean, that has become established globefizni&ket al, 2009).

Although molecular diagnostic tools are available, identificatian be made by morphological
examination, however a highly skilled expert is required for spe@afirmation. Colonies
exhibit a wide range of morphological variation. The pinkish, ¢aupale orange colonies can be
long and rope-like (up to about 1 m in length) or can form wrohg, encrusting mats. Larvae
are also able to be identified morphologically and are relativele largl visible with a hand
lens.

2.2 Habitat preferences and growth rate

Throughout its current range, Dv is abundant at many nearshoreffahdre sites, preferring
salinities above 25ppt and temperate water conditions. It can groepths ranging from <1m
to at least 81m. Dv is capable of rapid growth and dispersal améag subtidal sites it is a
dominant space holder.

Populations have invaded a variety of habitats and will growwite variety of hard substrata.
Dv tends to prefer substrate that has some degree of fouling preseist avld to overgrow
plants, invertebrates and algae. It is very common on pontatlmtks and pilings and is
commonly found on boat hulls that have not been regularly magtdabr cleaned. In
aguaculture areas it is found on suspended mussel lines anah salges. However, unlike some
introduced species that remain restricted to artificial substrates, Dquekly colonize and
overgrow apparently healthy natural benthic substrates, includibtdal rock outcrops and
gravel (pebbles, cobbles and boulders) in deeper water (30-80 m) aasvailallow intertidal
rock pools.

Dv may infact be more common in off-shore open water habitats tharbden documented.
Surveys of deep-water habitats are logistically difficult to perform ard conducted less
frequently relative to surveys conducted in shallow, near-shor&altsabi

Dv is considered an “ecosystem engineer”, capable of drastic modifiaatitre habitats it
invades (Wallentinus and Nyberg, 2007). In the majority of catese it has been reported as a
new introduction, it has grown extremely rapidly within a fesang following first observation.
This phenomenal growth rate can result in massive colonies thatr@wveagmost every other
sessile species (Coutts and Forrest, 2007; Gittenberger, 28@ntiieet al, 2007a, b). On the
Georges Bank fishing grounds it occupies areas that total mame280 ki, where colonies
coalesce to form large mats that cover more than 50% of the seabed.

Various studies have reported extremely fast growth rates; e.g. iweeks the mean biomass
can increase by 60% at 2.5 m (Bullard and Whitlatch, 2009) aall satony fragments (5 to 9
cn?) can re-attach and grow rapidly by asexual budding, increasisigeéné to 11 fold in the
first 15 days (Valentineet al, 2007a). Experience with Dv in New Zealand has also found
extremely rapid growth rates: larvae released from colonies in Springfarimer settled and
developed asexually very rapidly (e.g. reaching 30 cm diametemwdihidays). By the end of
summer colonies had developed long tendrils (up to 2m in [pMytiCoutts, pers. comm.)

Because it can reproduce asexually, the only limiting factor detergnihe size the colony can
achieve is the medium on which it is growing. Dv is knowmndergo a “die back” stage in cold
winter temperatures and low salinity following high rainfall andxpmity to river outlets,
however populations are known to recover from these events.

2
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Growth form may be related to habitat type, current velocitiespace availability, as rope-like
forms are common on vertical rock walls and floating surfaces (docks,, ropat hulls) in
relatively quiet areas, while encrusting, warty mats that conforretsurface of the substrate
are common on rocky seabeds where currents are strong. In deeper water thresastakie
cobble habitat, Dv forms extensive mats on the seafloor. There aretliewresident benthic
invertebrate species (e.g., sponges, bryozoans, coelenterates) capabiening fmat-like
structures in this substrate type (See Meetea., 2009).

Dv colonises gravel sea bed areas by essentially “gluing” smdblgselnd cobbles together,
thereby altering the seabed complexity from a complex three-dimensgsi@m to a two-
dimensional “mat”. These mats create a barrier to water flow at th@eevater interface and
have the potential to alter the flux of materials from the watemwmolto the sediment-column
(Merceret al, 2009).

Dv does not inhabit soft-bottom habitats. Coutts (2002¢ddhat colonies dislodged from a
barge moored in Marlborough Sounds, New Zealand, generally surifitedy encountered
hard substrata, but eventually died if they landed on muddynatysbottoms.

Photographs of Dv in its known habitat are presented on a veetiesitcated to these organisms
- http://woodshole.er.usgs.gov/project-pages/stellwdyjdamnum

2.3 Factors that may affect Dv

Dv is spreading worldwide in cool temperate areas. It has shovasting sign of dying out in
areas it has successfully invaded, and new invasions contineerépdrted. However, many of
the invasions are recent, and their long term effects are not yet kb@spite this, there are
various factors that may affect Dv:

2.3.1Temperature and salinity tolerances

There is evidence that Dv is unable to tolerate low salinitiesghemwmortality resulting from
seasonal changes in salinity is unlikely to be a major factor dlamgrots distribution. In
Southern California following heavy winter rains, complete moytalias suffered by ascidians
in the uppermost 0.5 m of the water column, however recruits frafisdving in deeper water
re-infected these areas when normal conditions returned (Daley and, 200da

Dv can tolerate temperatures that range from a low of -1 to -2°C tdhahag least 24 to 25°C
(Valentine et al, 2009) and daily changes of up to 11°C (Valentateal, 2007a). Water
temperatures above 8 to 10°C are necessary for colony growth; howehlsries can survive
extended periods of time below this temperature threshold aseawiotering form (Daley and
Scavia, 2008).

The following summarises temperature tolerances of Dv:
1. Studies have shown the optimal growing temperature to be ££-18

2. Water temperatures above 8 to 10°C are necessary for colony growthmaeum
temperature of survival of the species is not known but mayte. Recent studies suggest
that colony growth rates decline when temperatures exceed 21°Cdonsécutive days
(Daley and Scavia, 2008).

3. High temperature variability (~11°C) in the warm season mapgresp colony development
or recruitment. Water temperature variability may be due to the movemeénihteraction of
strong tidal currents, tidal fronts, and the mixing of wammstratified bank water with highly
stratified cool water masses.

4. Cold temperatures, from 5°C to at least several degrees below ztgoazkn cause colonies
to regress, but will often regenerate as temperatures warm. Colonigagyam live marine
animals may be more resistant to cold conditions (Gittenb&2ger,).
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5. The first occurrence of recruits is linked to annual temperature pattghes than discrete
temperature values (i.e. larval recruits will be released at the end of apleeakal period
as water temperatures warm, not necessarily when a particular water tempsregaohed.
E.g. warmer winter temperatures have been known to result in earlieitmesruof several
invasive ascidians and ultimately higher summer abundances. Seevitaaial, 2002):

a. The length of time required by an overwintering colony to develng release
brooded larvae is affected by the severity of the cold period egtel of “die back”
(i.e. the degree to which colonies degrade in the cool seaoences the length of
time they require to regenerate, reproduce sexually, and brood larvae).

b. This time period may depend on local temperature trends atiteaondition of the
colony at the end of the preceding cool season.

In general, however, recruits are likely at 14 to 20°C.

d. The time required for a colony to develop and release larvae and thie tdnityie
warm season probably affects the length of the recruiting periositat a

e. Recruitment might be regulated chiefly by declining temperaturetadfore could
end at approximately the same temperature at all sites.

f. As waters cool later in the warm season, larvae continue to recruihpénatures
below the temperature of initial appearance. Evidence suggests that daased to
recruit in the range of 9 to 11°C.

g. During the warm season, highly variable temperatures likely inthbireproductive
process and successful colonization. In some locations, temgexatability is a
few degrees in areas where the species is present; whereas it islthighwhere the
species is absent (Valentiaeal, 2009).

h. At deeper water sites, where minimum temperatures are warmer than at Siow
it is possible that colonies are not as affected in the ccadose(i.e., do not
degenerate) and thus could have a longer recruiting season. Thisxplain the
successful colonization of large areas of gravel habitat on Georgeg\Balrktineet
al., 2009).

It is relevant to note here that conditions in Wales, and intt@edghout the UK, are suitable
for expansion of the species.

2.3.2Predators

Few predators have been reported for Dv. Photographic evidence lygstedgpredation by
large sea stars and sea urchins (Bul&drdl, 2007a; F. Poole pers. comm.). Littorine snails have
been observed feeding avidly on dying colonies (Valerdirad., 2007b) as well as live colonies
(see Lambert, 2009). A chiton has been observed feeding on DwirZzdedand (A. Coutts pers.
comm.).

2.4 Distribution

Dv appears to be undergoing a rapid world-wide expansion, mvdkt of the new records
appearing in the past 10-15 years. In all cases where it has beeredeasra new occurrence it
has undergone simultaneous population increases. It now occtemperate waters in many
parts of the world, including: Japan; northern Europe (France, Nettlsrl&reland); the U.S.
east coast (from Long Island, NY to Eastport, ME near the bordar@anada); the U.S. and
Canadian west coasts (California, Washington, British Columbid)\eew Zealand (North and
South Islands).

It is likely that Dv originated in Japan and spread to new ilmesteither via hull or sea chest
(water intake area) fouling, with subsequent local spreading bgdaecreational craft, barges,

4
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commercial vessels etc., drifting and reattachment of dislodged frégna@ movements of
fouled aquaculture stock and gear (Lambert, 2009).

2.4.1 New Zealand

Dv was first identified in 2001 smothering wharf piles and nm@wiin a northern harbour. A
heavily-fouled barge then translocated the ascidian to an internasioipging port some 500
km south, near the heart of the New Zealand mussel industry.tReobarge's mooring area, Dv
subsequently spread to the seabed beneath, and to nearby vessetfiaadt structures (i.e.,
barges, recreational vessels, moorings, salmon cages and wharf Byleluly 2003, Dv had
clearly become well-established. Following a cost-benefit analys2003 (Sinner and Coultts,
2003) an attempt at eradication was made. Although a number of gesesmethods were
completely effective, others were less so and the overall suite of regdailed to eradicate the
ascidian. Hence, the structures and vessels from which it had be@matdoingradually became
re-infected. By July 2004, Dv had reinfected 87% of the wrappes,pnl of 22 recreational
vessel moorings, and both barges from which it had been eliminaded) chlorine.
Furthermore, an infected salmon farm pontoon that had been movaa aquaculture area
approximately 35 km away from the known infection site resultedansfer of the pest to the
remainder of the salmon farm, thus increasing the reservoir of larvaes falnbst inevitable
dispersal to adjacent mussel farms. Even though a subsequent-besiefihalysis suggested
further eradication efforts would have net benefits, uncertainty ovamtieérame and costs, as
well as the likelihood of success, undermined stakeholder con&denthe extent that they
chose to abandon the program (Coutts and Forrest, 2007). Sesenlater and to this date, it
has now spread to around 353 hectares.

2.4.2North America

Dv is highly invasive on both coasts of North America, whecoeiitinues to spread rapidly. The
initially observed populations in the 1980s were isolated amallshowever during the 1990s
the species began a rapid population expansion. It now ranges agproximately 750 km of
coastline on the east coast and 800 km on the west coast.dfdations suggest that it is
continuing to spread rapidly along the coasts of North Americasaealpected to spread into
Atlantic Canada waters (Bullagt al,, 2007a).

Within its North American range, Dv has a highly disjunctriistion. For example, Bullardt
al. (2007a) found that colonies were present at approximately 50¥edfd0 sites surveyed
along the east and west coasts of the U.S. from 1998 to R@6Eestingly, no colonies were
observed at five sites surveyed along the Oregon coast, géghssuth of Port San Louis, CA,
or 14 sites surveyed south of Shinnecock, NY to Virginia Bedéh(Daley and Scavia, 2008).
As well as infecting manmade substrates, it is known to ocodeeg subtidal sites on natural
substrates (> 30 m).

2.4.3Ireland

Dv was first discovered in on the east coast of Ireland in OcRil§¥5 in Malahide marina, north

of Dublin on the east coast of Ireland, although it wasqaraphed on the hull of a fouled yacht
in June 2005. A similar form was found at Carlingford marina, f7@k the north on 28 June
2006 (Minchen and Sides, 2006). The distribution appearsndisjand infections were not
found in Dun Laoghaire or Howth marinas to the south of Malaldgéhas since been found on
mussel longlines and has also been recorded from the westico@siway Bay on oyster

trestles.

The species was first observed as an overgrowing carpet that occupeedayeral hundreds of
square centimeters and, from these, extensive flexible pendulouhgrextended over 60cm in
length (Minchen and Sides, 2006). Despite it's massive form assiij}@ rapid growth it is
considered the invasion has been fairly recent. Minchin and Sidé6)(20ho between them
have had over fifty years diving experience, consider that its abundadderm would make it

5
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very unlikely that Dv would have been overlooked. However tleeam iequal chance the species
remained at low and undetectable stages for many years prior to 2005.

In Malahide there is evidence of natural disappearance of Dv as wshexsfouling ascidians.
In September 2008, Dv, as well as other ascidians, were ndbedalosent. It is suspected that a
freshwater purge has taken place as a result of a salinity decline (Danifipers. comm.).

2.4.4Netherlands

Dv was first recorded along the Dutch coastline in 1991, where it nechaare until 1996 (Ates,
1998). Since that time it has become the most common colonidiaasean the area with an
ability to overgrow virtually all hard substrata. This includesks, stones, sand, algae and
almost all sessile marine animals. The sudden population egpaoSDv from 1996 onward
coincided with the cold winter of 1995-1996, which caused decrgegrdation sizes of many
marine animals.

2.4.5France

Dv was first observed in December 1999 at a SW part of Bassin Vaubam@derate but dense
population. There was no Dv on other quays in the SW pawever it was subsequently
observed at the NW quay of the same basin which was found ¢oupato 100 % coverage on
all heights of the quay, and covering extensive areas (hundredsessrmtg). The infestation

was found to completely smother other ascidians and musselsitbBgqiently spread to nearly
all constant-level basins that were examined in the port of Le Havre.

In 2002 and especially 2003, Dv was found to regress. Thergrette is that Dv is present in
all the basins that have been examined in the ports and maribaHaivre, Brittany and Brest.

Colonies are found attached to a brick quay approximately 3m adepeh, barnacles, mussels
and tunicates, ropes and floating docks. It is presently kriovimhabit tidal basins, especially
under pontoons (G. Breton pers. comm.)

2.4.6Japan

Although likely to be native to Japan (see Lambert, 2009)h&vincreased in prevalence in the
country due to the provision of new niches made available by dtu&cdevelopment. Oysters
were grown primarily in intertidal beds until the 1980’s, sasitunlikely that Dv gained a
foothold on the stock until the various culture methods wikgl complete submersion such as
rack and tray and longline became common. Miyagi is an area of Jdpe Dv has been
common at least since the early 1980'’s.

2.5 Reproduction and dispersal
2.5.1Method of reproduction

Dv undergoes both sexual and asexual reproduction. Larvae are besatisdawning typically
occurs over warmer water periods between 14 to 20°C. The time retprigedolony to develop
and release larvae is not fully understood, but the reproductivenseas be long, with colonies
releasing huge numbers of larvae over several months (see Lambe)t, 2009

Larvae have a very short free-swimming stage prior to settlement, Wdrese are only
competent of settlement between 10 minutes and a few hours aftgdibenated from a colony
(Kott, 2002). Larvae are negatively phototaxic and tend to settldneo underside of pontoons
and boats. The presence of a consistent, mild wave action or ‘sa@shappears to favour their
establishment (Connell, 2000).

Colonies can also reproduce asexually and consist of thousandslbfiredividuals or zooids
(approximately 0.2 mm wide and 1 mm long) embedded in a toutgn covering or tunic which
varies in colour from pale pink to yellow or pale orange (K2®04). Optimal asexual growth
occurs at temperature between 14-18°C, however growth can occur betWé€emrid 25°C.
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Rapid budding of zooids to produce large mats or penduiposiths, depending on the
environment. Budding enables the species to spread via fragmentation

2.5.2Methods of dispersal
Dv has the potential to be dispersed by larval release or fragnoarftatm adult colonies via:
1. Natural processes:
e Currents
e “Hitchhiking”
2. Human vectors:
¢ Hull fouling
» Ballast water/sea chests
* Fishing and dredging
e Aquaculture
2.5.2.1 Dispersal via natural mechanisms

Although the spread of Dv has primarily been attributedumdn mediated processes, other
dispersal mechanisms need to be investigated. For example, larvadandf@gments could
be passively transported to new areas by water currents, or releasedotmgscohat have
colonized the carapaces of crustaceans or other mobile, hard shelledraggani

Throughout theDidemnumgenus, larvae produced in sexual reproduction are generally short-
lived, swimming for only a few hours before attaching to sabst This short, free-swimming
larval stage is not considered to be able to last long enouxghdarried great distances by ocean
currents and it is likely that larval dispersal of Dv contributdg tinlocal spread.

However currents may spread Dv via fragments from which new cslaaie form asexually.
This risk becomes even more apparent if the pest develops to teeplmdulous stage. In its
rope-like growth form, long flaccid lobes extend from the centraligporf attached colonies
that easily break off. There are anecdotal reports of divers obsemfires Ibreaking off
substrates and becoming lodged on surrounding substrata, rewjtacid over the course of
several months thriving in their new locations. It has been obdetvat during suspension,
fragments adapt to the water habitat by changing their gross nhogyhato spheres (Carman,
2008) and that 60% of fragments are capable of surviving suspdosib® days while15% can
survive in suspension for 30 days. Furthermore, Bultdral. (2007b) found that fragments can
re-attach within six hours after being in contact with the satestThus, fragments are viable for
a considerable amount of time and may tolerate being transpoe@ddistances before settling
and reattaching.

Dispersal via fragmentation may have two significant advantafgest, reattached lobe
fragments may be less susceptible to competition or predatiorsthalh newly settled larvae.
Second, brooded larvae contained in fragments could be released lrefdier oeattachment
and further increase dispersal capability. It has been suggestduethatiéspread distribution of
Dv in Georges Bank may be a result of the constant disturbadc&ammentation by scallop
dredging operations, resulting in colony fragments floatingyaand reattaching (Lengyet al.,
2009).

2.5.2.2 Dispersal via human mediated vectors

Vessels — hull fouling and ballast/sea chests:

The most probable trans-oceanic vector is shipping, either viddulihg or contaminated sea
chests in large oceanic vessels. Rapid regional and local dispansasult from many modes of
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transport, with slower moving recreational vessels and bargesngnbetween marinas, ports,
and harbours, likely to be one of the most significant ve¢tasbert, 2009).

Sea-going trade continues to increase globally, and the netofomk@vements have increased in
range. For example, in Ireland up till the early 1900s, tradesga was mainly confined to
Britain, Northern Europe, and the eastern coast of North AmericayTioiks exist with all
continental regions.

Any vessel or structure of any size may accumulate fouling, andbfle, can serve to transport
fouling organisms. The following outlines the relative likelbd of the various vessel types
introducing Dv.

Ships and barges

Dv produces larvae that have a short planktonic stage. As thectikelihood of survival in
ballast water is very low (Carlton and Geller, 1993).

Long distance survival of Dv fouling the hulls of fast-movstgps is unlikely, but they could
survive on the hulls of slow-moving barges as is thotmhtve been a possible vector for Dv in
New Zealand (Coutts and Forrest, 2007). Certain regions of hullsuggort fouling, allowing
colonies to develop in areas such as the propeller shaft housiredsa in sea chests (Coutts and
Dodgshun, 2007).

Ferries

Fast moving vessels have a lower likelihood of acting as aryeaitbough no studies have
looked at this risk. However, the speeds generated by Ferrieslitrgustween Ireland and
North Wales, and the length of time spent in each port at anyimeesuggest they are an
unlikely vector.

Commercial fishermen

In North America, commercial fishermen were not considered likely to dughsisk vectors.
While this requires study here, discussions with the MarineFgsiteries Agency indicate that
commercial vessels from Holyhead Harbour do not travel extensive distaifoesrisk is
uncertain.

Recreational vessels

The proliferation of marinas for recreational vessels over recent decadeswimldwide
phenomenon (Minchiet al, 2006). In theory, recreational vessels were considered lesstbkel
support extensive fouling accumulations, however it is becomimrg apparent that hull fouling
on recreational vessels presents a high risk for transfer of pest spedigding Dv, especially
on a local scale (following personal communication with globaéexsjp

In Scotland, 59% of yachts surveyed in a recent study wenral flmuhave macrofouling attached
to their hulls (Ashtoret al, 2006). In addition, a study undertaken by a Masters stuatent
Bangor University on boats moored at 5 marinas along the Welst tmand that a high
percentage of the yachts surveyed had some degree of macrofoldngreatest percentage
being at Pwllheli and Conwy with 84%, followed by Deganmith 72%, Holyhead at 71% and
Victoria Dock with 65% (Kate Griffith, pers. comm.). However, thevements of heavily
fouled vessels relative to clean vessels is unknown, complicatyngssessment of risk.

Increased age of the antifouling paint, as well as long staioperiods and reduced sailing
activity are thought to be responsible. In addition, in tKerétreational yachts frequently travel
short distances and there is a high probability, therefore, thabtlree and recipient areas will
be within the same climatic region, and that the fouling spegikssurvive in the receiving
habitat if similar environmental conditions exist.
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In New Zealand, however, only 15 % of yachts surveyed had eaddrmacrofouling (Floet
al., 2005). Recent discussions with Biosecurity New Zealand contiuthis. In both NZ and
Australia the government has been active in communicating theofisksl fouling, promoting
the good practice of keeping hulls clean and in some cases enfooaidigions that hulls are not
fouled with certain risk species before entry into particular areasewn2¢aland, hull cleaning
guidelines have been introduced (http://www.biodiversity.gayseas/biosecurity) and
developed. The Australian Quarantine and Inspection Service (AQI®ekadrialing

Biofouling Management Requirements for international yachts ess25 metres in length
since 2005, with a view towards applying risk-based Biofoullagmagement Requirements to
all international vessels arriving in Australia. To assist beaters, AQIS produced a Biofouling
Fact Sheet providing information about how the protocolimipact them as well as 'Biofouling
maintenance guidelines and log book' to assist in recordifguiiiig maintenance work
performed on vessels (see http://www.daff.gov.au/aqgis/avm/vesse@Aegbiofouling-
protocols).

While cleaner hulls in NZ and Australia are undoubtedly due ¢oefifiort devoted in each
country to addressing this issue, the lower incidences in attenally travelling vessels may
also be a result of the mode of use of yachts in these areas. irfardgernational ships to

arrive at New Zealand, they must cross oceanic waters where macrofangiargsms are likely

to be dislodged, prevented from feeding, or are unable to survamegel in environmental
conditions experienced during oceanic voyages (Carlton and Ho@@é&),. Despite this the risk
is still apparent. In any case, it cannot be ignored that etierral movements occur more
frequently and via shorter distances throughout the EU.

Dredging and fishing

It is considered highly likely in North American situaticdhgt Dv may have been subsequently
introduced offshore on Georges Bank via contaminated scallop dgedgar and boats from
their home ports (see Lambert, 2009).

Dredging and fishing can have an influence on:

1. Making the environment more susceptible to invasion: Ingerhgrowth forms, colonial
ascidians are more successful than solitary ascidians in occupgimgry space following
disturbance (Altman and Whitlatch, 2007).

2. Dispersing fragments of Dv if already present: Fish and gcabavls pulled through areas
infested with Dv can fragment colonies and suspend them in #ter wolumn. If viable
fragments survive in suspension they may be transported via cgeants to other habitats.

Lobster and rock crabs may also represent a vector for the spread of Dnal Redvement may
contribute to regional spread and commercial shipment may spread ®yglobal scale (Bernier
et al, 2009). Lobster pots may also be a vector of concern.

Aquaculture

It is possible that Dv was introduced into the Gulf of Mainéhvoyster aquaculture in the
Damariscotta River, ME, with the vectors likely to be the Pacifideny&rossostrea giggs
(Dijkstraet al, 2007). Likewise in France in the late 1960s the introdnafdhuge quantities of
C. gigasseed stock on shell from Japan and large quantities of @dgigasbrood stock from
British Columbia may have resulted in translocation of the. pesireland, Dv has spread to
oyster farms on the west coast and aquaculture operations have beeat@dpD. Minchin,
pers. comm.).

In New Zealand the movement of a fish farm net heavily fouleld it to an uninfected mussel
growing area resulted in extremely rapid large scale fouling of thesehdines within weeks
(see Lambert, 2009).
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3 RISK ANALYSIS ON THE LIKELIHOOD AND CONSEQUENCES OF
DV SPREADING TO VALUE AREAS IN WALES

A series of questions were presented in a questionnaire (Appendirdlsent by email to
contacts sourced from the WHSC website: http://woodsholegs.gov/project-
pages/stellwagebDidemnum. Where participants were asked to assess the likelihood of an
event, the following nomenclature was provided as a guide (Tabte 2.

Table 2.1.Nomenclature for qualitative likelihoods

Likelihood Descriptive definition

High The event would be very likely to occur
Moderate The event would occur with an even prdtgbi
Low The event would be unlikely to occur

Very low The event would be very unlikely to occur
Extremely low The event would be extremely unlikidyoccur
Negligible The event would almost certainly notarcc

11 responses were received and are summarised in the assessment below.

The following presents an analysis of the level of infestgti@sent at Holyhead Marina and a
subsequent qualitative assessment of the likelihood of Dv spgeaduh establishing in value
areas around the Welsh coast and the relative consequences if thososesr t

3.1 How long has Dv been present at Holyhead Marina?

In the absence of any baseline data, it is difficult to determinesibbserved population is a
recent occurrence (i.e. 2008) or one that has remained at undetecte@Vevedsonger period
of time.

The stage at which a new invasive species is detected dependsmbex ofl factors including
(1) how conspicuous it is in terms of visibility and habi(d},frequency and mode of monitoring
and sampling within a watercourse, (3) environmental conditionsnat af sampling and (4)
pure chance events.

In the current situation, Dv was observed by a skilled sciesmtistely surveying the marina in
July 2008. The marina had not been surveyed previously pribig event and the pest was not
overly conspicuous so would not have been detected by an untegied

The confinement to marina pontoons, chains, and 2 boat hullsthen sparse and patchy
distribution on these substrates, lack of tendril formationsedisas absence from other suitable
habitat could be interpreted as evidence of it having recently ariivedyithin the last 12
months. However, for this to occur, it is likely that thdiaiinoculum source was relatively
large (A. Coutts, pers. comm.). The counter argument is tlaatived several years ago, from
more than one ‘infection’ event, where environmental conditions armllunm pressure have
resulted in an apparently slow rate of development.

It is imposible to state how Dv entered Holyhead Marina. @it@treational vessels are
implicated, an interesting comment by one respondent suggesatatdlobserved infestation
may be the result of a stochastic event, where the initial inocsihwmte was large, such as the
employment of a specialised vessel (e.g. a dumb barge) to instadtrustures in the harbour
(A. Coultts, pers. comm.). Further research into vectors is required.
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Questionnaire results:

2 respondents indicated it has arrived within the last 12 mobittesponses considered it
most likely that the pest arrived within the last 1-2 yearssponses considered 2-5 years
more likely while 1 response was unable to make any firm statement.

3.2 What is the likely extent of infestation at Holyhead Marina?

Regardless of how long ago Dv established in Holyhead Harisouerage is relatively low,
confined to manmade substrates within the marina and penduloushdoyms typical of long
established populations are not apparent.

Questionnaire participants were asked to estimate the level of infasteting an infestation
curve (Figure 2.1), derived from population dynamics studieghatras three distinct phases:

» the initial lag phase (stages 1-3) when the organism is esiapligself and becoming
apparent

» the explosion phase (stages 4-7) when the organism’s populatiatistbution increases
rapidly

» the widespread phase (stage 8) when the organism’s populati@tabédsed and filled
most of the habitat suitable to it.

The lower Dv is situated on the curve, the more cost effectivallitbe to control it. If
elimination is possible at a modest cost and the pest bgsotential to cause adverse effects,
then the cost benefit evaluation in favour of control action wbaldignificant.

The higher Dv is on the curve, the more difficult and costliit be to control. If control is
attempted there will be greater uncertainty about the costs and heaefite greater risk of
failure.

Infestation curve model

~ P
~ . \\5 8
A

\
(Ability to \‘
Eradicate) \ p

Extent of infestation

Figure 2.1.Infestation curve showing responses from questimarparticipants highlighted in red.
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Questionnaire results:

It was considered by all respondents that Dv in Holyhead asiat the initial lag phase,
when the organism is establishing itself and becoming appétrergs considered likely by 3
participants that the pest was towards the higher end of the scaleagrgpread quickly in
the near future.

3.3 What are chances Dv could naturally disappear/die out?

In general, the temperature conditions in Holyhead Marina range bet®€erand 22°C
throughout the year. These are suitable growing conditions\for D

However, Dv is known to be susceptible to low salinitydibons, and evidence in Ireland has
suggested that infestations on pontoons have disappeared atddaahiary and that this may
be due to the large lagoon and freshwater that can accumulate passday the marina purging
not justDidemnunbut also other tunicates (D. Minchin, pers comm.).

Despite this, mortality resulting from seasonal changes inityais probably rarely, if ever, a
major factor controlling its distribution over long temporal scalkes Southern California,
ascidians in the uppermost 0.5 m of the water column suffered cemptatality following
heavy winter rains but were quickly replaced by recruits from adivihg below the affected
area after the rains had subsided (Daley and Scavia, 2008). Furthddwadpnies situated on
other organisms are less susceptible to environmental stressors.

There are 2 river outlets that feed into Holyhead Harbour, and whienivt known whether
significant changes in salinity occur due to high rainfall, tiseldhrge is minimal and unlikely to
cause massive variations.

Questionnaire results:

Given that salinity changes are unlikely to have a lasting influend&V populations, it was
considered by most participants that this event would be extremigkgly to occur, with the
reminder considering the likelihood to be negligible. Indeeel suitability of habitat and
water temperature indicate that it will continue to develop witinmarina.

3.4 What is the likelihood Dv will spread to all available habitats within Holyhead
Harbour?

Holyhead harbour is located on Holy Island and is protectech filee Irish Sea by a 2.4
kilometre breakwater sheltering an area of 260 hectares comprisingnigie Outer and New
Harbours. The approaches to Holyhead are beset by strong tidal cyupnts 6 knots),
however Holyhead Bay is relatively quiet with less than 2 kn@tghin the harbour it is
virtually slack water, although with some wave movement atginthe tidal amplitude within
the bay is 6m. Depths within the harbour range from 15m arttrance to 6m approaching the
marina. The Marina has 230 berths and is frequented by numerousvébgehatural substrata
of the estuary varies from gravel deposits at the shallow entrariicee tmmuddy deposits in the
shallows beneath and adjacent to the marina, with rocky sea defbetmv the entrance
walkway.

Surveys conducted in December 2008 and January 2009 revealedvthaasDnot found
anywhere in the harbour outside the marina area @dalt, 2009).
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Habitats currently infested:
1. Pontoons
2. Ropes and buoys
3. Chains supporting mooring pontoons
4. Boat hulls
Potential habitats within Holyhead Harbour:

Although Dv was not found outside the marina in the widerdarbrea and on the commercial

terminals, the dive survey undertaken in January 2009 assesgsutehgal for other substrates

to be suitable for colonisation (Ho#t al, 2009). While the small mooring buoys were not
considered suitable habitats, judging by the vigorous grafthative and some non-native

species of sea squirts on virtually all the other structures surtiegeslis considerable scope for
Dv to colonise huge areas of the harbour.

Furthermore, there is potential for Dv to spread into natural arehsding the rocky sea
defences and the gravel patches in deeper waters.

The means of spread are likely to occur via larval dispersal via cuaedtBagmentation once
populations reach the pendulous stage at the marina.

Potential habitats that have not yet been exploited are:

Seabed beneath marina: Low probability of infestation:

Rocky sea defences: High probability of infestation.

Yacht moorings: Low probability of infestation.

Large mooring buoys: High probability of infestation.

Terminals 2, 3, 4 and 5 and Aluminium Jetties: Moderate prityatfi infestation.
Fish dock: Moderate probability of infestation.

N o bk wWwDbdRE

Gravel seabed: High probability of infestation.

Questionnaire results:

Given the dynamics of the Harbour, and the known global behavidly, it was consideregd
highly likely by the majority of participants that DV will cbhnue to extend into all available
habitat within Holyhead Harbour, where it will likely form peralus type growths, given the
sheltered nature of the marina.

3.5 How long will it take for all available habitats to be occupied?

It was considered difficult to determine the time for Dv to spre#dinvthe harbour with any
certainty as the spread will be highly influenced by the vectordvesdo Natural spread by non-
feeding, short-lived larvae will be slow if the larvae must make thayr buoy by buoy (hull by
hull; dock by dock) to other parts of the harbour. Spread wilfdster if sexual reproduction
occurs all year round, however it is uncertain if this is occurrifigere is some evidence to
suggest that colonies in Holyhead Marina have regressed sldyirthg the colder months, but
in general, water temperature conditions remain optimal (14°C 1G)18r both growth and
larval release for at least 6 months of the year.
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Questionnaire results:

The majority of participants considered that spread within HagihHarbour would be
considerable within the next 2 to 5 years.

3.6 What is the likelihood Dv will be transported by recreational vessels to other
Wales locations?

Hull fouling presents the most likely vector for local disperdahe pest at the current level of
infestation. The potential vector group most likely to tramspv to other locations around the
UK coastline are recreational vessels moored to the marina pontdowgver, as infection

spreads to occupy all available habitat within the harbour, aBelesulls are considered
potential vectors, with the exception of ferries which travel at hpgleds and thus present a low

probability of risk. In addition, natural dispersal by fragmeatamay occur if colonies become
extensive.

It is beyond the scope of this study to fully assess tbeements of vessels in and out of the
marina, however information taken from the recently published AtlaReafeational Boating
(RYA, 2009) demonstrates the movements of recreational vessels thi¢hlrish Sea (Figures
2.2 and 2.3) as well as some indication of the intensity ofigcin certain regions.
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Figure 2.2 North West England Cruising Routes, December 20@&ge reproduced from the Atlas of
Recreational Boating (RYA, 2009) with the permissof the RYA.
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Figure 2.3 - Wales cruising routes, December 2008. Imageothpred from the Atlas of Recreational Boating
(RYA, 2009) with the permission of the RYA.

The following information is provided from a report for the Departnoéd rade and Industry by
the Royal Yachting Association (RYA, 2005): Holyhead is oh¢he UK's busiest ferry ports.
There are about 8,000 conventional and fast ferry movements a yeavem800 calls from
bulk carriers, cruise liners, coasters and large fishing vesselsti€&sunumbers of small fishing
vessels and leisure craft call at the port. Holyhead harbour, bdiaghaur of refuge, may be
entered in all weather conditions and at all states of the tidghetd marina supports around
230 recreational vessels. In the winter months the marina is yiswaf full (around 150
vessels). The Irish Sea is a popular recreational boating area wigs townd from the English,
Welsh, Scottish and Irish coasts as well as to and from theofsMan. The relative close
proximity of these different and varied locations makes cruisinthénlrish Sea particularly
popular. Data from 2004 estimated the total moorings availabtecteational boating in the
area at just under 13,000.

The majority of routes tend to follow the coastline. Due to ithed hature of many of the ports,
such passages tend to be either very short distances, betwedyongigh ports for example, or
relatively long distances so that arrival times can coincide wégméxt tide. Areas such as the
Menai Strait frequently require a temporary anchorage or stop at a nEmatbyue to limiting
tidal constraints (RYA, 2005).

In summary, vessel movements are frequent along almost all arelas obdstline and often
occur at times when larvae are seeking to settle: Overnight stalfkelyeand activity is most
frequent over the summer period and up until September, a time tinaidesi with likely

spawning periods of Dv.

Evidence suggests that Dv is most likely to spawn in tempesatabove 14°C, with the
spawning period extending into the cooler months to temperatgrésy as 11°C. Sea surface
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temperature data provided by the Irish Sea Observatory ttgstobs.pol.ac.uk/cobs/sat/ over
the last 3 years indicates that temperatures around Holyhead Hédgiarto exceed 14°C
around June and July and do not fall below 11°C until late DieeenThis suggests that the
period available for spawning may be as long as 8 months,ugtihthe period of risk in
acquiring infection from Holyhead may actually be from June to l@@ctaiven that recreational
vessels do not tend to have much activity between October arthMAt any rate, the risk may
extend through to December in the marina where the vessel overwagelsng as sea
temperatures remain above 11°C.

Questionnaire results:

The majority of participants considered it highly likely thatreational vessels will transport
infective stages of Dv from Holyhead Marina to other locations arbaleés. Recreational
vessels often remain stationary for long periods of time, mang paerly-maintained hulls,
are relatively slow-moving, and move along the coast in placearthataccessible to larger|
vessels.

It was also mentioned that while at this stage penduloustigifonms are not present, and
thus spread via fragmentation is unlikely, it is considereldifigely that pendulous growth
forms will develop within the next 5 years. In this regard htadour thus becomes a very
high risk source in the translocation of DV via fragmentatiahansuch may function as a
stepping stone to promote further dispersal (see Darlstsan 2009): it is the local,
secondary spread within a country that will ultirigtdetermine the extent of the economiq
and environmental impact of a non-native speciesidle et al. 1998).”

3.7 What is the likelihood Dv will establish in other marinas in Wales?

Given our current understanding of the biology of Dv, areas susceptible to invasion are
those with growing season of 14-18°C of 6 months or loager where mean monthly water
temperatures are below 25°C.

Most coastal areas in Wales have temperatures above 14°C and notrex@2édi for at least 6
months of the year (May to November), however some of the Waledamdinoastal areas
demonstrate very low temperatures (5-6°C) from November througprtb A

There are numerous marinas along the coastline. Data for recreational fyach®005 listed
around 11,600 club members and 1650 berths within the Nalés Brea alone (RYA, 2005).

Questionnaire results:

Given the plethora of recreational vessels, their movements, andreneimtal matching, the
majority of participants considered it highly likely that DVlweistablish in other marinas
along the Welsh coast. It was considered that locations withelmperatures of 5 td°6
might temporarily halt sexual reproduction, but that this moll eliminate establishment of
Dv; i.e. the colonies might regress, but they will returreagperatures warm.

3.8 What is the likelihood Dv will establish in mussel beds in North Wales?

The Menai Strait is the UK’s most important mussel producing avessels are grown to
market size on the sea bed and the fishery is dependant on ses, moigrced from eroding
mussel beds in sites both within North Wales and from ardumdJK coast. Mussel beds may
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be subtidal and situated on sand and gravel substratum ordaltemd often concentrated on
areas of hard substratum but may occur on mud or sand.

There is currently no commercial-scale line culture however there isingrointerest in
developing this in some offshore locations around North Waléh, avseries of small-scale
‘trial” operations currently underway. One of these is situatedtielghead.

Questionnaire results:

The results were highly variable and reflect the lack of informatiore&pdrience regarding
the potential invasiveness of Dv on cultured mussel beds. Glptied majority of mussel
production is on hanging culture lines, where it is consideigddyhlikely that Dv would
establish. With regard to mussel beds, it is well documehtadv will grow on mussels and
it is also known to succeed on gravel substratum, and omasdodg as it is not moving in
strong tidal and storm currents. An equal number of responciemgglered the likelihood tg
be either high or moderate that Dv could establish in subtetid but unlikely (low
likelihood) that intertidal beds would be affected.

3.9 What is the likelihood Dv will establish in SACs in Wales?

Special Areas of Conservation (SACs) are protected sites designated the EC Habitats
Directive. Reef areas present within these sites (Figure 2.4) wenel@@usto have the highest
potential for infestation.

Y Fenai a Bae Conwy /
Menai Strait and Conwy Bay

; 4 K@ee Estuary /
. // Aber Dyfrdwy

Pen Liyn a'r Sarnau /
Lleyn Peninsula and the Sarnau :

Cardigan Bay /
Bae Ceredigion

T R i Severn Estuary /
. : H{y Mor Hafri_/
Pembrokeshire Marine ;‘ . :
Sir Benfro Forol =
Carmarthen Bay and Estuaries /' {g-/
Bae Caerfyrddin ac Aberoedd Py

Figure 2.4 Marine SACs in Wales with reef features indicatsddarker red areas and possible reef indicated as
paler areas. (This map is reproduced from OrdnéBuerey material with the permission of HMSO. Crown
copyright reserved. CCW licence No. 100018813.)
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The following general groups of types of reef present in SACsansidered suitable habitat for
Dv are:

1. Rocky intertidal reefs
2. Rocky subtidal reefs (bedrock, boulders, cobbles, mixed)
3. Extensive boulder and cobble subtidal reefs — e.g. the Sarnau
4. Biogenic reefs
a. Horse musselModiolus modiolusreef
b. Musculus discorsnussel reef
c. Honeycomb worm%abellaria alveolatpreef
d. Mytilus edulismussel reef
5. Carbonate reef formed by methane gas leaking from the seabed.

Questionnaire results:

4 respondents considered the likelihood to be high while a&ratallikelihood was given by
another 4 respondents. One respondent considered the likelihbegtssible but low. In
general, it was considered that given the documented occurrenceesfdilishing in such
habitats around the world, it is likely that Dv would colmnreef areas within SACs. The
main impediment to Dv colonizing reef areas would be turbid atldy@onditions and
exposure at low tide. While there has been no evidence of infestatiatucal reefs in NZ,
the widespread coverage of gravel beds in Georges Bank indicatedbrmamate these
communities.

3.10 What are the consequences if Dv were to spread to:
3.10.1 Marina and harbours

Leaving Dv unchecked would probably not generate any major icoste port itself. It would
be considered a nuisance but no more hazardous than other fowensldt however, pose a
significant risk in terms of transporting Dv and frustrating manayemfforts elsewhere.

Impacts will depend on future regulations. If legislatiobrgught in to ensure marinas and boats
are clean there will be ongoing costs to achieve pest free sRéegnt discussion with
Biosecurity New Zealand has revealed that movement towards internahafiafouling
regulations are presently being discussed with the Internatidiagitime Organisation in
London (N. Parker, pers. comm.). The IMO, with MAF Biosegtgiteadership have initiated a
biofouling correspondence group to try to fast-track internatimalsures for biofouling. While

it took over 10 years for ballast water to get to the current raidicatage, they are hoping to
accelerate this process for hull-fouling measures. Hull foulinglidly be an issue in the future
for Wales.

18



CCW Contract Science report No. 875

Questionnaire results:

The majority of responses considered the consequences to be lothendtbcidian being
considered a nuisance in these areas.

3.10.2 Mussel farming

In NZ, Dv readily attaches itself to lines on which mussels also growing. Likewise in
Canada, heavy infestations of ascidians in aquaculture operations besgs@td handling and
processing costs. Lines and cages weighed down by ascidians relg@aning before they can
be retrieved, and ascidians need to be removed from shells before theyrleetabie.

Furthermore, presence near spat and immature seeding mussels igial gotdrlem as it may
force the need to eradicate Dv before mussels can be transportéértéooations for growing
and harvest. Presence of the pest would also restrict vessel movemmedtsfree locations.

The North Wales mussel industry is the most productive fisimetiyge UK. For the year ended
March 2008, 8701 tonnes were taken from the fishery with a tataéwof £5,500,500 (Figures
obtained via personal communication with the North Western amth Ngales Sea Fisheries
Committee).

It is impossible to determine with any accuracy the potentiglact to production volumes,
however if it is considered that subtidal beds (which accountd® of production) would have
a 90% chance of infestation, with a potential coverage of 4@84ntpact to the fishery could be
as high as 25% in loss of production (if it is assumed tlepest would smother mussels and
result in poor growth or mortality). In addition to lost pwmetion, costs would be incurred
through increased processing costs, potential loss of exporetnak well as restriction to
certain seed beds.

As an simplified estimate, a loss in production of 25% wegjdate to a loss in production value
of £1,375,125 per year. A loss in production of 10% wagddate to a loss in production value
of £550,050 per year, while a loss in production of 5% wagdate to a loss in production
value of £275,025 per year.

This does not take into account loss of export markets ateatpad loss of seed sourcing areas
which, in a worst case scenario, may result in total loss of naeeal collection and potential
closure of the industry until alternative seed sourcing means anaded (e.g. hatchery
production).

Questionnaire results:

While it was considered difficult to predict the extent of the gakmpact in mussel bed
culture, it would be expected that in general, fouling of culturaedsels would cause higher
labour costs, mussel mortality and decreased growth rates in massedd as restriction to
certain seed beds and export markets.

3.10.3 Conservation areas

It is now internationally recognized that invasive species are ottgeahajor threats to world
species biodiversity, second only to habitat destruction.edew predictions on the impacts of
Dv are difficult to determine as changes to biodiversity may daligiinsidious and in the
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long-term highly detrimental. Whether non-native taxa will drigecses loss is hard to predict
(Gherardi, 2007).

Certainly, Dv has been shown to have an effect on natural comasyrbtth at the inter tidal
range and in deep water benthic communities, however the exact ohtinese impacts are
difficult to ascertain with any real certainty.

In NZ to date, effects on natural areas have not been a problddy, has not been able to
accumulate sufficient biomass to spread on and across gravel seahiiddare key feeding and
reproduction areas.

Experience in the USA led to the assumption that Dv has a mapact on natural communities
where it was found to have spread onto the seabed in Geoagks(&f the eastern coast) and
expanded from six square miles to 100 square miles in the spdggars. However, despite the
widespread distribution of Dv in the US, no dramatic environmentphcts, such as species
extinctions, have been reported.

Indeed, despite predicting that the presence of the ascidian mats redukce benthic species
richness and abundance, Meradral, (2009) found that these parameters were either not
different or were significantly higher in samples taken inddddemnummats compared to
samples collected immediately outside the mats. The presence of theidniadsvever result in
subtle shifts in community structure and functional groupidante (Merceet al, 2009).

Although many studies are finding few direct consequences of Datirral areas, in Georges
bank, detailed analysis suggested that Dv is able to out-contpeteepifaunal and macrofaunal
taxa. Anemones were one of the few groups of animals that appe&o a&sist overgrowth by

Dv (Valentineet al, 2007a). In some instances there was an increase in the abundamoe of t
polychaete species which suggested that Dv is acting as a facilitatreating a habitat that is
more favourable to these two polychaete species (Lergyt| 2009).

Further to this, additional studies are needed to assess whettamcttlian mats are providing a
predator refuge for some benthic species and how subtle shifts infawealofunctional group
composition caused by the presence of the mats may influenaer lhighhic levels in coastal
ecosystems. An increase in prey availability has the potentiattease predator abundance that
can, in turn, affect community-wide interactions.

The annual shift in colonial ascidian abundance that has occuredtle past 26 years is
interesting. Historically (1979 to 1980) colonial ascidiandlorth America were most abundant
during the late fall and winter. More recently (2003 to 2004) Hreymost abundant during the
summer and early fall. This shift may have an impact on bemimemunities where the
increased abundance could inhibit recruitment of native species and sgduweeavailable for
other species. This in turn could lead to declines or shiipéies composition (Dijkstet al.,
2007).

While it is impossible to predict the extent to which cons@masites are affected should Dv
spread within the UK, the possible effects on natural areas (ingl&ACs) could be:

» Potential to smother other organisms or deny them access to acEssary to feed or
reproduce.

 Inhibit settlement of other organisnBiemnumis one of the few species which regularly
recruits on other species but few species recruit on it (Osman ank&té)it 995)

* Reduction of the spatial complexity of benthic habitats whiohld/indirectly increase the
risk of predation on shelter-seeking juvenile fishes and other srganiValentineet al,
2007Db).

In addition to the direct ecological impacts of the specisspresence has further implications
for habitat management. If Dv were to spread to marine SA@¢gailes (those most at risk are
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probably the Menai Strait and Conwy Bay and the Pen Llyn a'r S&Ad&is, followed by the
Pembrokeshire Marine and Cardigan Bay SACs) it could cause ecolatpocahge by
overgrowing resident species and thus altering the structuhe difiological community. If this
were to happen then the habitat at the site could no longer bel@@usito be in favourable
condition, as the ‘typical species’ and ‘structure and function’ coaenvobjective would not
have been met (for more information on conservation objectives see
http://www.ccw.gov.uk/landscape--wildlife/managing-land-and-sea/maalicies/policy,-
legislation--guidance/draft-regulation-33-advice.aspx).

A spread of Dv out of the marina and into the wider marindremment could also have
consequences for BAP/Section 42 habitats and features of intertidaldbiSpecial Scientific
Interest (SSSIs). Those most likely to be at risk wouldided swept channels, fragile sponge
and anthozoan communities on subtidal rocky habitats, subtiibedd muddy sediments,
Musculus discordeds, Blue mussel beds and Horse mussel beds and varioudahtsdiopes
which constitute features of SSSis.

The Water Framework Directive (WFD) is currently the principal legmhattovering the

management of inland, transitional and coastal waters in the E&JcUinent approach to its
implementation regarding ecological assessment using biologiemhents is to develop
assessment systems tailored to detect a response to a specificepréissaugh the WFD does
not specifically mention invasive alien species (IAS), discuskiasm commenced on how to
incorporate them into ecological assessment owing to their abdityignificantly alter the

structure and functioning of aquatic ecosystems.

A potential framework has been suggested whereby IAS are treatedhaa pressure and as
part of a biological element to be monitored, where densitiedesticbution of IAS in water
bodies are matched to normative definitions for quality classdgiN=D by expert groups at
EU level. The aim would be to allow a rapid and consistent rassigt of ecological status on
the basis of IAS abundance and distribution in a water body.

Thus there may be a requirement for the provision of a separate répibré @cological
degradation resulting from IAS so that specific management measuyeBengesigned. Thus
the presence of Dv may result in the lower classification of a water. @i example, a high
abundance of IAS would indicate high pressure and poor or baogexadl status (Cardoso and
Free, 2009).

Questionnaire results:

In general the impacts were considered moderate (see Table 2.1), b thalue” of these
resources deemed by a country affects the allocation of any seassbEsment. In basic
scientific terms, however, the majority of respondents considergghiyHikely that Dv
would cause alteration of reef ecosystems through overgrowth of #pihband infaunal
species:

“... occupies space otherwise utilized by non-didemnettebrates and marine algae,
blocks algal growth on boulders and marine plaotsgrazers such as snails, provides acigic
secondary substrate that cannot be utilized byieptb and macro-epiphytes, blocks sunlight
from reaching host plants causing reduced biomaskeath, and blocks nutrients from
getting to corals (M. Carman, pers. comm.)
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4  ASSESSMENT OF THE FEASIBILITY OF ERADICATION IN
HOLYHEAD MARINA

In a recent report providing advice to the European Commissialetermining and prioritising
future areas of Community action with respect to invasive alien sp@éig$ (Miller et al,
2006), it is stated that where feasible, eradication is oftendsiecburse of action to deal with
the introduction and establishment of IAS.

Feasibility is a reflection of the stage of infestation, the resoweasable to undertake the
eradication, the cost effectiveness of the process and the probabditgcess.

4.1 Stage of infestation:

Evidence to date suggests that Dv in Holyhead Marina is a relateetnt occurrence. Results
from the risk assessment survey indicate that the current levefestation is low on the

infestation curve (Figure 2.1) and therefore a high likelihoodtexisat control can be

implemented in a cost effective manner.

The pest is restricted to pontoons, chains and 2 boat hillisf these structures have potential
to be treated using existing control methods.

4.2 Resources available:
4.2.1 Control methods

Control techniques have been developed and tested extensivelwiddddand (see Coutts and
Forest, 2005; 2007 and Pannell and Coutts, 2007) and are prebeldw with cost estimations
for implementing in Holyhead Marina. It should be noted thase costs may vary significantly
and are given as an approximation only.

The main techniques to control Dv include:

1. Wrapping/enveloping infected underwater structures (pontoons)lasti@ film, which
prevents supply of clean water to the Dv and smothers it ghrdack of oxygen. An
accelerant (acetic acid or chlorine will reduce application time). If apphbeckctly this is
considered 100% effective.

2. Removal of infected matter from the water and air drying for 48 haersopes, bouys etc.
100% effective.

3. Cleaning hulls of infected vessels and applying anti-fouling atedm(which also prevents
Dv from re-attaching itself for the duration of the anti-fouling effestess).

4. Temporary exposure of infected matter to freshwater is also a possdilaént.

The following treatments are suggested below for infected substratelolyhead Marina
including 1) pontoons, 2) anchor chains and 3) boat hullshduld be noted that costs are a
rough estimation only and that actual costs may vary consigdrabi the values given below.

4.2.1.1 Pontoons

Key considerations

* The marina is currently supported by approximately 520 pontoanging in size from 1.5
to 80 nf (Figure 3.1).

* Although not all pontoons are infected, it may require thaar@lpontoons are treated to
ensure eradication is successful.

e Successful treatment of these structures would significantly reduoeulum
pressure/further spread.
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* Pontoons cannot be cost-effectively removed from the water, hence regusgui
treatment.

» High probability of Dv fragmentation and release into the sumiang water if not treated
correctly.

* Require owners’ permission to treat.
» Treatment ideally cannot interfere with public access.

» Given the high number of pontoons, it is considered nosticgi to treat all structures at
the same time. Hence, a set of up to 18 “sweeps” are proposegl resycled wrapping
material for each “sweep”.

I Pontoons

Anchor chains
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Figure 3.1- submerged substrates within Holyhead Marina.
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Materials and methods
Two encapsulation techniques would be suitable for treatment ofesgbd pontoons:
1. “Set-n-forget’encapsulation using tarpaulins or plastic silage covers

e« PVC Truck Tarpaulins (see www.allplas.co.uk) could be used as ctwesscapsulate
pontoons of various sizes and similar to methods describediiys@nd Forrest (2005).

e At least 2 above water personnel would be required to fix theiglastthe smaller
pontoons and for the larger pontoons, possibly 4 personaeidition to two divers would
be required to deploy the covers underneath the structures.

* Topside operators would be involved in pulling one side efctbver above the water line
and securing it to the pontoon using either PVC cellotape, mpestaple gun.

» Divers would displace as much of the water between the covers andrnt@ms as
topside operators secured all remaining sides.

* Covers would be removed after one month.

» Defouled material would be released to the surrounding environmehtetk down
naturally or sent to landfill (depending on assessment of riskje wbvers would be
recycled to treat subsequent pontoons or where damaged, remoaedfii |

* Recycled covers would be used to treat subsequent “sweeps” of 3(p gontoons per
sweep.

2. Pontoons in high demand and/or requiring rapid treatmend t@utreated as above, but with
an accelerant added (i.e., ~ 5% acetic acid or a suitable concentrfagoanolated chlorine
mixed with seawater).

* Approximately 20% acetic acid would be pumped into the encapdutata at a rate of
about 50L to every 1000 L of seawater to achieve an approximatewdf&ing
concentration. Or bleach can be effective. Accelerant can be applied bingelba edges
of a tarp to the pontoon then pouring a suitable volume of gratuthlorine mixed with
freshwater

* Covers removed after 48 hours.

Costs

e The size of covers used will depend on the size of the pontochuding an additional ~
500 mm to 1000mm margin to account for the sides.

e The quantity of covers used will depend on the number of épg/e considered
practicable.

« It is considered feasible that ~50 small pontoons (3).Bould be treated in one “sweep”.
The cost in materials is estimated to be around £4,800.

« It is considered feasible that up to 30 medium pontoons r(8)7&ould be treated in one
“sweep”. The cost in materials is estimated to be around £2,800.

« ltis considered feasible that up to 15 medium to largeopmst (22m) could be treated in
one “sweep”. The cost in materials is estimated to be around £3,600

« It is considered feasible that up to 10 large pontoons {B@ould be treated in one
“sweep”. The cost in materials is estimated to be around £9,600.

e The cost for labour for each sweep will depend on the number ofnpeisdeemed to be
required for deploying the covers over different sized pontoomsaksumed that, during
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each sweep, at least 2 divers will be present in the water. Regsl&iradiving in marinas
state that divers are roped with full voice communications. Therefdesastt 5 topside
operators would be required: 2 rope handlers, 1 diving supertisomms operator and 1
rescue diver. An additional 2 topside operators may be requirséctoe the pontoons.
Therefore the cost for labour for each individual sweep (~18 swadppgal) would be

~£4,500.

« The total cost for materials and labour to undertake 18 sweeps pfarina is estimated at
£101,800. This is assuming that the majority of plastic coasrsable to be recycled for
each “sweep”.

Justification for methods

The above process was considered cost effective, relatively easy tovagpmyt requiring
complex equipment, and 100% effective in NZ studies (PannelCanuits, 2007). Furthermore
the process was environmentally friendly and had a low probalofitdamage to private

property.

Potential problems in application

Problems associated with the success of the process may includeedanthg plastic covers
due to boats abrading the plastic and letting in fresh sea watesllaaswihe offensive smell of
rotting material that must be endured during the removal processoafttiresult in complaints
from marina users. The possible environmental impact of accelerantswilsetted to be
assessed.

Following discussions with Holyhead Marina, it is consideredligible that boats will touch the
pontoons and offensive smells were considered a minor problem. dineconcern voiced by
the marina related to the safety of the 30m nylon anchor ropes. TheaMeould require
assurance that these ropes would not be abraded in any way.

All wrappings will need to be inspected frequently and fixed if mamised. This is considered
feasible during the “sweeps” scenario.

The main logistical issue relates to the high number of pontwohe treated. It is logistically
not feasible to treat all (~520) pontoons at one time. It isnattd that 18 sweeps could be
conducted, each sweep requiring one week duration if an accelerarsieds The cost
effectiveness of the method is further enhanced by conducting sweep® mecycled covers
can be reused. For example, if tarpaulins where purchased to treataaictual pontoon at the
same time, the cost of materials would be around £85,000. A streéegy would reduce the
cost of materials to around £20,800. This is dependant of caursehe resilience of the
tarpaulins, which can only be assessed by conducting trials.

The criticism of this process lies in the risk of untreated parstoeleasing larvae back onto
treated pontoons, however strategies could be developed so thedtagpud are applied over the
colder water months where larvae are not being released. It is likelyhth number of sweeps
could be reduced following the initial trials. Evidence suggélsat a 4 month period from
February to June would be suitable for conducting this process.

4.2.1.2 Pontoon anchor chains.

Key considerations

« The floating jettys within the marina are anchored with a chair) (#mnglon rope (30m) /
chain (7m) system. Approximately 140 anchor chain systems sutt@mnarina (see
Figure 3.1).
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» Survey findings revealed that the nylon rope and bedding chaimddduling present,
while the upper 7m chain was fouled

» High probability of Dv fragmentation and release into the sumdog water if not treated
correctly.

* Wrapping is considered most effective when applied from the toprtisathe bottom of
the chains rather than vice versa.

« Methods will need to provide assurance that no damage is suffetkd bylon rope.
* Wrappings will need to be checked on a regular basis

Materials and methods
* Wrapping chains with industrial clingfilm or plastic wrap.
* Wrapping could be left indefinitely.
« Plastic could be applied by divers and topside operators dusimtggn sweeps.

Costs

e If it is possible for divers to wrap chains during the same wgrlday as pontoon
wrapping operations, the costs for labour can be ignored. Whie ishiconsidered
possible, it may not be considered feasible in trials. & rdgard, the cost in labour may
be an additional 5 days, if it is considered that one diver can vcdyain in 10 minutes.
This would equate to around £11,250.

« Materials are not considered to be overly expensive. In New Zedatahe wrap was
used to successfully wrap wharf piles, with wrapping material seatedPVC tape (48
mm x 30m). The cost of each wrap equates to around £90.00 p&.7&lx 1500m x
25um) of plastic and £4 per roll of tape. Three rolls of plastic3nhdolls of PVC tape
could feasibly treat 140 chains of 7m length, when consideria@can overlap when
wrapping. This cost equates to around £390 in materials tdl#8athains.

Justification for methods

The above process is considered cost effective, relatively easy to wajpbut requiring
complex equipment, and if applied correctly is considered 100% etdmbith in killing the pest
and avoiding release of fragments into the surrounding seawatatdition, should the outside
of wrappings become re-infected, their removal provides a secondérgaiption.

Potential problems in application

Loose wrappings can be an environmental hazard and wrapping methodsinuolve
undesirable repetitive bounce diving. All wrappings will needeoinspected frequently and
fixed if compromised. This is considered feasible during the “swesggsiario. Costs may rise if
it is considered that a team of divers should be used to steameotrkload to elevate the effects
of bounce diving.

4.2.1.3 Vessel hulls

Key considerations
e Two vessels ranging in size from approx 7 to 10m in lengthnetreatment.

« Boats will need to be treated in situ as removal will likely tegulfragmentation of
existing populations.

« Require owners’ permission to treat.
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Treatment must not cause any damage to vessel or anti-fouling coating

Treatment must ideally not inconvenience owners.

Materials and methods

Costs

An in situ plastic set-n-forget encapsulation technique could betetigpnilar to Pannel
and Coutts (2007).

Plastic covers of suitable size will need to be sourced.
Covers can be cut to size to suit the vessel.

Two divers are needed to guide the covers underneath the vessbdasgitwo topside
operators who subsequently secure the plastic to the vessel ubgrgRa/C cellotape or
ropes.

Divers displace as much of the water between the cover and treshgdksible as topside
operators secure all remaining sides to the vessel.

An accelerant using approximately 20% acetic acid can be pumpethéentncapsulated
area at a rate of about 50L to every 1000 L of seawater to achieympaoxienate 5%
working concentration.

The covers should remain on the vessels for a minimum of 7 days.

Covers can be removed by hand from the surface and all plastic retabweatda suitable
barge or vessel. The defouled material and acetic acid can be releaseduodhnding
environment to break down naturally and retained plastic dispoked kandfill or
recycled.

The estimated cost to treat each vessel is £600.

Justification for method

100% effective if applied correctly.

Cost-effective.

Does not requir